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I. INTRODUCTION
Nowadays, the world is facing a climate change. Economic activities are the major cause of greenhouse gases (GHG) emission to the atmosphere, which leads to a global warming. From these reasons, many countries have reached an agreement on climate change and trading greenhouse gases, which is called "carbon credit". Both government and the private sector can trade through the Clean Development Mechanism (CDM) under the Kyoto Protocol. Carbon credit is the amount of greenhouse gases that reduce from human and economic activities. There are several types of gases such as carbon dioxide, methane, nitrous oxide hydro fluorocarbon, perfluocarbons and sulphur hexafluoride [1] . Carbon credits are an important tool in reducing greenhouse gas emissions through the mechanism as well as an new source of government revenue [2] . Thailand is also a member and obligates to perform under the clean development mechanism as well. Additionally, Thailand may be forced to reduce the amount of greenhouse gases in the next 10 years as well. Therefore, it should reduce the usage of energy consumption simultaneously. The government should also encourage reducing emissions by investing in the infrastructure of the country to contribute to environmental preservation and create a sustainable development.
II. CASE STUDY BACKGROUND
Thailand's government creates a master plan for reducing Manuscript GHGs emission since 2012. Regarding to the statistics from National Statistical Office, we found that the highest energy consumption is in industry sector which accounts for 35.9 percent following by transportation sector which accounts for 35.4 percent of all energy consumptions [3] . As you can see the transportation sector consumes approximately one third of the country's energy consumption and tends to increase year by year. Regarding to the Kyoto Protocol and Thailand's government obligation to reduce GHGs emission, the Office of Transportation and Traffic Policy and Planning (OTP) announces the development master plan for a sustainable transportation and logistics system. Source: Thailand greenhouse gas management organization Fig. 1 shows that CO 2 emission from road transportation is 96.84 percent followed by the emission from air transportation (2.06 percent), railway transportation (0.68 percent) and water transportation (0.42%) [4] . Since the energy consumption in the road transportation sector is very high, it is necessary to create the project in order to support changing transportation mode for reducing air pollution and greenhouse gas emissions. OTP plans to invest in green transportation system and encourage business sector to use transportation mode which have lower emission rates instead. One of the main projects of the government which defined in the master plan is "Rail Transfer Terminal Center" at Inland Container Depot (ICD) Lat Krabang, Bangkok and Laem Chabang Port, Chonburi. This project objects to reduce the truck freighting and encourage railway freighting from ICD Lat Krabang to Laem Chabang Port. Therefore, this study aims to investigate the estimation of greenhouse gas emissions and simply analyzing the value of carbon credits in this government's project.
III. METHODOLOGY
The benefits from CO 2 emission reduction will occur only if the project is established. Therefore, the benefit from Nantarat Tangvitoontham and Papusson Chaiwat Carbon Credit Estimation: A Case Study of Shifting Freighting Mode to Railway from ICD Lat Krabang, Bangkok to Laem Chabang Port, Chonburi changing mode of transportation will be determined around where the organization is located. The carbon credit reflects the net benefit of the project. Thus, the results are the different of CO 2 emission from train and truck between with and without the project. Also, the study assumes that the lifetime of the project is 30 years, so the estimation will be start from year 2014 to year 2043. According to the project feasibility report of OTP, the demand for freighting from ICD Lat Krabang to Laem Chabang Port was already estimated by using econometric model. The econometric models for freighting demand are as follows [5] : There are two scenarios in this study as follows:
A. Without the Project
Since there is no project, the proportion of freighting by truck and railway remain unchanged. The proportion is 74:26. Therefore, the container deliveries by railway are limited at 500,000 TEU per year and will be increased to 1,000,000 TEU in 2015 because there is a plan to increase the trips from 10 to 20 trips per day.
B. With the Project
If the project is established, the potential of railway freighting will be raised. The freighting by railway is faster and more convenience. The proportion of freighting by truck and railway will be changed to 60:40. Therefore, the capacity of container deliveries by railway is 2,000,000 TEU per year.
Moreover, in order to calculate carbon credit of the project, there are several variables to explore such as Conventional Factor [6] and Emission Factors [7] . OTP's study in 2011 revealed that the different vehicles at various speeds consume fuels such as gasoline, diesel, gas, LPG and NGV differently. It can create different multiplier emissions which are called "Emission Factors (EF)" These EFs are used to estimate the air pollution emission in transportation sector which are shown in Table I . However, emissions from each type of vehicle are not equal, so this study will use the Emission Factor (EF) to explain and clarify the estimation of GHGs emission from different type of vehicles as well. Table III shows the EF index of land transportation including truck and train [9] . In this study, trucks transportation bases on Heavy Duty Diesel (> 3.5 Tons) in EF index. Railway transportation will be assumed the weight of fuel 1 liter equals to 0.8 kg, and the oil is approximately 4 liters per kilometer. Both transportation modes is calculated by using the same distance which is from the ICD Lat Krabang, Bangkok to Laem Chabang Port, Chonburi (115 kilometers).
Also, the OTP's research found that the emissions of the pollutants tend to decrease if the average speed of the vehicle is increasing. For example, the Heavy Duty Diesel emits CO 2 821 g./km. at the speed of 30 km./ hour while the emission rate decreases to 577 g./km. at the speed of 60 km./ hour. The Light Duty Diesel emits CO 2 203 g./km. at the speed of 30 km./ hour while the emission rate decreases to 154 g./km. at the speed of 60 km./ hour.
The rates of air pollution emission from road transportation are show in Table IV. Amount of carbon dioxide equivalent emission in truck and railway freighting is calculated by using a ton of emission in one year (tCO 2 e/year). The calculation of the carbon dioxide emission from truck freighting and railway freighting are according to the following formula. OTP has the development plan for shifting freighting mode from trucks to railway. OTP will establish Rail Transfer Terminal Center in ICD Lat Krabang and delivers all containers to Laem Chabang Port by railway. This project promotes reduction of GHGs emission and adopts the Clean Development Mechanism. First of all, the volume of containers which will be delivered from ICD Lat Krabang to Laem Chabang Port has to be estimated. According to the econometric model which is presented in the previous section, the amount of containers that transport by truck and railway in both scenarios are estimated in Table V. The calculation of GHGs reductions in case of successful establishment of the project during the years 2014 -2043 according to the formula in the previous section is shown in Table VI to calculate carbon credits; this study also uses the valuation of travel time savings concept [10] . The carbon credits of the project regarding to the Certified Emission Reductions (CERS) that can be traded in the carbon market was valued on April 1, 2010 is 1 ton of carbon dioxide equivalent emission per year equal € 11.70. The exchange rate which is used in this study is from 5 July 2013 was € 1 equals 39.58 baht. The estimation results are shown in Table  VI and Table VII. The results showed that the project (Rail Transfer Terminal Center) can reduce GHGs emission year by year whenever the project is established. As the railway freighting has lower GHGs emission rate per unit compared to truck freighting because it can deliver more containers in one trip and consumes less energy. If we compare between the GHGs emission when the project is established and without the project, the reduction of GHGs emissions is at high rate and increases every year.
As environmental friendly logistics system. Indeed, this project creates greatly sustainable economic values. Moreover, it creates a sustainable transportation system and has a positive impact on society in the long term as well.
V. CONCLUSION
The project has a positive impact and support the development of the clean development mechanism. The carbon dioxide equivalent emission is reduced if the Rail Transfer Terminal Center can be successfully established. Thailand's government can gain the carbon credit which created from this project as well.
Therefore, encouragement of investment in transportation and logistics infrastructure, which reduce social and environmental damages in addition to efficiently use of energy, is very important for future improvements. The policy also supports sustainable development in transportation sector.
VI. LIMITATION
This study does not perform the sensitivity analysis. Thus, the estimation of the container volumes, which will be delivered from ICD Lat Krabang to Laem Chabang Port, is under the normal circumstance. The model assumes there is no economic crisis and other variables remain unchanged.
